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Radiological methods do not determine the pattern and their accuracy in measuring the end point has been questioned (Hunt and Spurrell, 1951; Horton, Ross, and Darling, 1965) . The method using radioactive chromium and surface scanning described by Griffith, Owen, Kirkman, and Shields (1966) excludes premenopausal women and, therefore, some patients with gastric ulceration. The serial test meal (Hunt and Spurrell, 1951 ) maintains a high degree of accuracy in determining both rate and pattern and can simultaneously measure gastric secretion. This test has the further advantage of measuring certain 'characteristics' of emptying which are more informative than emptying time alone. Modified Hunt techniques, such as that used by Aylett (1965) , assume constant emptying pattern and characteristics in all stomachs.
As the serial test meal takes several days to complete, with daily nasogastric intubation, a new test has been designed to obtain the emptying pattern for an individual stomach in a single test. This gives the test a more clinical application. A dye dilution and double-sampling technique is used. Double sampling is introduced to overcome the accumulation of error in dye dilution methods which was shown by Hollander and Glickstein (1940) The volume of fluid in a container can be ascertained by determining the increase in concentration of a dye produced by the addition of a small concentrated measure of the same dye.
In Fig The mass of dye in V, is given by m, = V2 C2 The mass of dye in V1 + V2 is given by m3 = (V1 + V2) C3 If the concentration of a solution before and after the addition of a measure of known volume and concentration can be determined, the original volume can be calculated from this equation.
ANALYTICAL TECHNIQUES
The dye used in the test is phenol red. To make up the test meal and to determine the concentration of phenol red, Hunt's procedure (Hunt, 1954) 2 The patient drinks 750 ml of the test meal, the drinking time being between one and four minutes, and the time is noted at the beginning of the meal. The patient remains in a standard position, sitting upright on a chair throughout the test. He is also asked to refrain from swallowing saliva and to use a sputum jar.
3 At exactly 10 minutes 7-8 ml of gastric contents is withdrawn. The plunger of the syringe is then removed and 20 ml of the concentrated stock solution is added by pipette. Mixing in the stomach is achieved by withdrawing and re-inserting syringefuls of gastric contents for about 45 seconds, and following this a second sample of gastric contents is removed (Fig. 2) . From these two samples concentrations C1 and C3 are determined and the unknown volume calculated from equation (v).
4 The above procedure is repeated at required intervals until the stomach is almost empty.
5 Some difficulty in withdrawing contents may now be encountered and it may be necessary to move the gastric tube to find the remaining fluid. When this point is reached, as much as possible of the remaining contents is withdrawn and measured. The stomach is then washed out with 200 ml of water and the true residual volume calculated from the concentrations of dye in the residual contents and washout (Hunt and Spurrell, 1951) . This final procedure has been included as a check on the double sampling technique.
Certain points inthismethod require further discussion. The tip of the tube should lie in the body of the stomach and there should be no slack in the tube; the tip should not reach the pyloric antrum. This position is checked by x-ray screening and the tube is then secured firmly to the upper lip with adhesive tape. A pipette is used to add the concentrated solution, since it is important that this volume should be accurate as any error would be magnified when applied to the mathematical equation. The denominator in this equation is the difference between two relatively large valtues and it is therefore advantageous FIG. 2. Double sampling test meal. At 0 min, 750 ml test meal ingested; at 10 min, sample withdrawn from stomach; at 10 min 10 sec (approx.), concentrated measure of dye added; at 10 min 15 sec to 11 min (approx.), mixing of dye in stomach; at 11 min 15 sec (approx.), second sample withdrawn jrom stomach. (Hunt and Spurrell, 1951) . Forty comparisons were made and the percentage difference in the calculations ranged from 2 to 10 for volumes above 100 ml; for volumes below 100 ml the difference was never greater than 7 ml.
COMPLETE TEST IN HUMANS The complete test was compared with the serial test meal (Hunt and Spurrell, 1951) in several subjects. The excellent correlation between the two tests is shown in Figure 3 Hunt and Spurrell (1951) have shown that there is very little daily variation in the emptying pattern of an individual stomach. The present test has been repeated on several volunteers and the reproducibility of results found to be very satisfactory (Fig. 4) Hunt and Spurrell (1951) found that a linear relationship existed when the logarithm of the volume remaining in the stomach was plotted against time. However, Hopkins (1966) , who reviewed Hunt's work, stated that the regression line was closer to a linear relationship when the square root of the remaining volume was plotted against time.
The regression equations for both the logarithm and the square root of the volumes estimated in each of 79 The three 'characteristics' of emptying as originally described by Hunt and Spurrell (1951) (Fig. 7) . pared with 20 unselected cases of duodenal ulceration and 20 cases of gastric ulceration. Three gastric ulcer patients who showed an abnormal emptying pattern have not been included. Several subjects had more than one test performed and in these cases the mean result was taken. Tables II, III , and IV indicate the 'starting index', 'half-life', and 'emptying time' in the three groups of subjects. There is a highly significant increase in both the emptying time and half-life in patients with gastric ulceration when compared with normal subjects (P < 0.001) and also with duodenal ulcer patients (0 05 > P > 0.02). There is no significant Bloom, Jacobson, and Grossman (1967) have indicated that there may be some loss of phenol red from the canine stomach. An advantage of double sampling is that the volume calculation is independent of any action of dye in the stomach. The only assumption made is that the amount of dye absorbed or secreted by the stomach during the sampling period (about one minute) is negligible.
A fluid meal has been used and it could be argued that this gives no indication of the emptying pattern of a normal mixed meal. Similar patterns of emptying have, however, been demonstrated by Griffith et al. (1966) for a mixed meal. The advantages of a fluid meal are that it is easily standardized for comparisons and it provides a useful vehicle for accurate concomitant studies, such as acid secretion.
The results of this test confirm previous work (Oberhelman, 1959; Burge, 1964) that the rate of emptying is slower in patients with gastric ulceration than in both normal controls and patients with duodenal ulceration.
Both the emptying time and half life are increased in gastric ulcer patients but there is no difference in the starting index. This would indicate that the delayed rate of emptying is due to a decreased propulsive power of the stomach or to an increased resistance to emptying which is maintained throughout the emptying process rather than an initial delay in starting emptying. A small group of gastric ulcer patients show an abnormal pattern of emptying with delay in expressing the final part of the meal.
SUMMARY
A new test has been described to measure the rate of gastric emptying. It utilizes a dye dilution and double sampling technique to calculate the volume of gastric contents.
The test is simple to perform and can be used clinically. It can also be used to give information about acid secretion.
The results of this test indicate that the rate of gastric emptying is slower in patients with gastric ulceration than in both normal subjects and patients with duodenal ulceration. 
